Studies of an active site mutant of the selenoprotein thioredoxin reductase: the Ser-Cys-Cys-Ser motif of the insect orthologue is not sufficient to replace the Cys-Sec dyad in the mammalian enzyme.
We have mutated the redox active C-terminal motif, Gly-Cys-Sec-Gly, of the mammalian selenoprotein thioredoxin reductase (TrxR) to mimic the C-terminal Ser-Cys-Cys-Ser motif of the non-selenoprotein orthologue of Drosophila melanogaster (DmTrxR). The activity of DmTrxR is almost equal to that of mammalian TrxR, which is surprising, because Cys mutants of selenoproteins are normally 1-2 orders of magnitude less active than their selenocysteine (Sec) containing counterparts. It was shown earlier that the flanking Ser residues were important for activating the Cys residues in DmTrxR (Gromer, et.al. (2003) PNAS 100, 12618-12623). However, the "Drosophila mimic" mutant of the mammalian enzyme studied herein had <0.5% activity compared to wild-type. Rapid kinetic studies revealed that all of the redox centers of the mutant were active, but that the C-terminal dithiols were not effective reductants of thioredoxin. The charge-transfer complex of the two-electron reduced enzyme slowly disappeared as the N-terminal dithiols reduced the C-terminal disulfide. In wild-type enzyme, the selenenylsulfide is more difficult to reduce and the charge-transfer complex is more stable. These findings suggest that features in addition to the flanking Ser residues are important for facilitating the high activity of the insect enzyme and that the corresponding features are absent in mammalian TrxR.